ABSTRACT Research to discover and develop attractants for the codling moth, Cydia pomonella L., has involved identiÞcation of the chemicals eliciting moth orientation to conspeciÞc female moths, host fruits, fermented baits, and species of microbes. Pear ester, acetic acid, and N-butyl sulÞde are among those chemicals reported to attract or enhance attractiveness to codling moth. We evaluated the trapping of codling moth with N-butyl sulÞde alone and in combination with acetic acid and pear ester in apple orchards. Acetic acid was attractive in two tests and N-butyl sulÞde was attractive in one of two tests. N-Butyl sulÞde increased catches of codling moth when used with acetic acid to bait traps. N-Butyl sulÞde also increased catches of codling moth when added to traps baited with the combination of acetic acid and pear ester. Male and female codling moth both responded to these chemicals and chemical combinations. These results provide a new three-component lure comprising N-butyl sulÞde, acetic acid, and pear ester that is stronger for luring codling moth females than other attractants tested.
Chemical attractants are used extensively in the management of the codling moth, Cydia pomonella (L.), as a pest of apple, pear, and walnut (reviewed by Witzgall et al. 2008) . The major component of the sex pheromone of codling moth is (8E,10E)-8,10-dodecadienol ([codlemone]; Roelofs et al. 1971) . Codlemone is attractive exclusively to males, and is used as a trap lure to determine moth emergence, time insecticide sprays, to track population levels, and as a mating disruptant for management of codling moth (reviewed by Knight 2008 , Witzgall et al. 2008 .
Researchers have sought other types of attractants for monitoring of codling moth in orchards under pheromone-based mating disruption, determination of economic injury levels, and attract-and-kill approaches to pest management. For example, codling moth adults are attracted to acetic acid (Yothers 1927 , Dethier 1947 , which is a microbial fermentation product found in sweet baits used to bait and trap numerous species of moths (e.g., Utrio and Eriksson 1977, Yamazaki 1998) . A host fruit-derived kairomone, ethyl-(2E,4Z)-2,4-decadienoate (pear ester), is attractive to codling moth (Light et al. 2001 ) and has been evaluated as a means of monitoring this pest in orchards treated with pheromone-based mating disruption Light 2005, Knight et al. 2006) . The combination of acetic acid and pear ester was found to be more attractive to codling moth than either acetic acid or pear ester alone (Landolt et al. 2007) , and has been evaluated as a possible monitoring lure in orchards treated with mating disruption (e.g., Knight 2010) . Other kairomonal attractants for codling moth include E,E-␣-farnesene (Sutherland et al. 1974) , ␤-ocimene (Hern and Dorn 2004) , and (3E)-4,8-dimethyl-1,3,7-nonatriene (Knight et al. 2011) .
Both female and male codling moth have long been trapped with fermented sweet baits, such as formulations of molasses, syrups, and juices (Steiner 1929 , Borden 1932 . Codling moth attraction to sweet baits may be based on their feeding on natural fermented sugar sources. Numerous chemicals and extracts have been evaluated in the Þeld as an approach to discover chemicals that might enhance codling moth attraction to such baits (Eyer 1931 , Eyer and Medler 1940 , Van Leeuwen 1943 . For example, Van Leeuwen (1943) evaluated many compounds as adjuvants to a molasses bait in traps. Treatments (a standard bait plus test chemical) were paired with the standard bait of a 10% solution of molasses and yeast in traps placed in apple orchards. Traps baited with several of these chemicals captured large numbers of codling moth, suggesting the hypothesis of attractiveness or coattractiveness of these chemicals with the molasses bait (Van Leeuwen 1943) . However, the study did not include an experimental design suitable for a statistical analysis, and the data are reported as total numbers of codling moth captured. The author did not provide a rationale to the selection of chemicals tested, although some are known to be of plant and microbial origin. Nonetheless, trap catch totals in that study are intriguing. One of the highest catches of codling moth reported by Van Leeuwen (1943) was in traps baited with molasses plus N-butyl sulÞde (NBS), suggesting that NBS may indeed be attractive, either by itself or in conjunction with other compounds emanating from the fermented molasses bait.
We report here the results of Þeld experiments in two hemispheres that test the hypotheses that NBS is attractive to codling moth and that it interacts positively with acetic acid. We hypothesize that acetic acid is coattractive with NBS based on the observation by Van Leeuwen (1943) of increased codling moth capture with NBS added to molasses bait, and codling moth attraction to acetic acid (Yothers 1927) , which is a principal volatile component of fermented molasses bait (Utrio and Eriksson 1977) . Acetic acid is also coattractive (enhances or synergizes attractiveness) with pear ester (Landolt et al. 2007 ) and (3E)-4,8-dimethyl-1,3,7-nonatriene (Knight et al. 2011) . After the initial experimental support for positive interaction between acetic acid and NBS as attractants, we then sought to determine the relative attractiveness of that lure compared with other published codling moth attractants, and potential interaction with the pear ester.
Materials and Methods
Eight experiments evaluated codling moth attraction to NBS, either alone or in combination with other chemicals. All experiments were Þeld tests in apple orchards, using traps baited with the test chemicals. Traps used were either Universal Moth traps (bucket trap) (Agrisense, Norwich, United Kingdom) or white delta traps (Great Lakes IPM, Vestaburg, MI). Bucket traps were multicolored, with a white bucket topped by a yellow funnel and green cover, and included a 6.3-cm 2 piece of Vaportape (Hercon Environmental Inc., Emigsvile, PA) to retain and kill trapped insects.
Acetic acid lures were made by applying 5 ml of glacial acetic acid (Aldrich, Milwaukee, WI) to cotton balls in an 8-ml polypropylene vial (#2006-90025, Nalg-Nunc International, Rochester, NY) with a 3-mm-diameter hole in the vial lid to provide controlled chemical release. Pear ester lures were made by applying 1 mg of ethyl-(2E,4Z)-2,4-decadienoate (Aldrich Chemical, Milwaukee, WI) plus 10 mg of butylated hydroxytoluene (Aldrich Chemical, Milwaukee, WI) as an antioxidant in 200 l of methylene chloride to a gray halobutyl rubber septum (West Co., Lyonville, PA). All NBS lures were made by applying 2 ml of NBS (Acros Chemical Co., Geel, Belgium) to cotton balls in a 4-ml polypropylene vial (#2006-90125, Nalg-Nunc International) with a 1.5-mm hole in the vial lid.
For baiting of bucket traps, vials were suspended upright within the bucket by a Þne wire folded over the top of the bucket lip, and septa were pinned to the center of the underside of the trap lid. For baiting of delta traps, vials were set upright onto the sticky surface of the trap liner, and septa were pinned into a 1-cm 2 piece of cardboard that was also set onto the trap liner, with all dispensers placed or clustered at the liner center.
For all experiments, each trap was placed within the canopy of an apple tree. Each experimental block was within an apple row. Traps were 10 m apart in tests 1Ð7, and 25 m apart in test 8. Treatment positions within an experimental block were randomized initially, and randomized each time traps were checked. Generally, traps were checked, insects were removed, and trap liners were replaced (if necessary) once per week.
Test 1. Interaction of Acetic Acid and NBS. This initial experiment tested the hypothesis that NBS enhances codling moth response to acetic acid, by directly comparing traps baited with acetic acid versus traps baited with acetic acid and NBS. The bucket trap was used for this test. Each chemical was dispensed from a separate vial. Ten replicates of this pairedtreatment comparison were set up on 3 August 2011 in a commercial apple orchard near Moxee, Yakima Co., WA. Traps were maintained for 3 wk, and lures were replaced at 2 wk. Treatment positions were switched within each trap pair each week when traps were checked.
Test 2. Interaction of Acetic Acid with NBS, Acetaldehyde, and Dibenzyl Ether. This experiment evaluated interaction between acetic acid and NBS, but also tested for interaction between acetic acid and acetaldehyde, and acetic acid and dibenzyl ether. Acetaldehyde and dibenzyl ether (originally reported as benzyl ether) were also evaluated by Van Leeuwen (1943) and looked promising in combination with molasses for trapping codling moth. The eight treatments were: 1) no lure, 2) acetic acid, 3) NBS, 4) acetic acid and NBS, 5) acetaldehyde, 6) acetic acid and acetaldehyde, 7) dibenzyl ether, and 8) acetic acid and dibenzyl ether. Acetaldehyde and benzyl ether were dispensed from vials as described above for NBS, and all chemicals were tested in delta traps. A randomized complete block design was used, with 10 replicate blocks. Traps were maintained in commercial apple orchards near Moxee and Buena, Yakima County, WA, from 15 to 29 May 2012.
Test 3. Interaction of Acetic Acid With NBS, Acetaldehyde, and Dibenzyl Ether. This third experiment also evaluated interaction between acetic acid and NBS, acetaldehyde, and dibenzyl ether. The eight treatments were: 1) no lure, 2) acetic acid, 3) NBS, 4) acetic acid and NBS, 5) acetaldehyde, 6) acetic acid and acetaldehyde, 7) dibenzyl ether, and 8) acetic acid and dibenzyl ether. Five sets (replicate blocks) of traps were maintained from 4 May to 8 June 2012. The experiment was conducted in an experimental apple orchard in Chelan County, WA, using delta traps. Chemical dispensers and traps were identical to the preceding test, and dispensers were replaced on 18 May and 2 June.
Test 4. Comparison of Acetic Acid Plus NBS to
Other Codling Moth Lures. After evidence of coattractiveness of acetic acid and NBS in the preceding experiments, we sought to assess the power of a combined acetic acidÐNBS lure relative to a known kairomonal lure (acetic acid plus pear ester; Landolt et al. 2007 ) and a pheromone lure. For this assessment, we compared attractants in delta traps. The three treatments (trap baits) were: 1) acetic acid with NBS, 2) acetic acid with pear ester, and 3) codlemone. Acetic acid and NBS were dispensed from vials and pear ester was dispensed from rubber septa as described above. Pheromone lures were a 1 mg dose of codlemone with 10 mg of butylated hydroxytoluene as an antioxidant, applied in 200 l methylene chloride to gray rubber septa (West Co., Lionville, PA). Ten replicates of this experiment were conducted in a commercial apple orchard near Moxee, Yakima County, WA, from 1 to 29 June 2012. Traps were checked each week, and vials were replaced at 2 wk.
Test 5. Comparison of Bucket Traps and Delta Traps Baited with Acetic acid Plus NBS.
The preceding experiments used bucket or delta traps. The objective of test 5 was to test the hypothesis that the two trap designs are similarly effective in capturing moths attracted to a combined acetic acidÐNBS lure. Bucket traps and delta traps were baited with acetic acid and NBS lures as described above. Ten replicates of the two-treatment comparison were maintained from 1 to 14 June 2012, in a commercial apple orchard near Buena, Yakima Co., WA.
Test 6. Comparison of Bucket and Delta Traps Baited with Acetic Acid Plus NBS. Ten replicates of a comparison of the same two trap types were maintained from 5 July to 9 August 2012, in a commercial apple orchard near Moxee, Yakima Co, WA. This experiment (see test 5 above) was repeated because of the relatively low numbers of codling moth captured in the preceding test, which may have been due to a low codling moth adult density in the plots at that time.
Test 7. Interaction of Acetic Acid, NBS and Pear Ester in Washington. This experiment tested the hypothesis that the combination of acetic acid, NBS, and pear ester would be more attractive to codling moth than either the combination of acetic acid and NBS or the combination of acetic acid and pear ester. Treatments as trap baits were: 1) acetic acid and NBS, 2) acetic acid and pear ester, and 3) acetic acid, NBS, and pear ester. Each chemical was provided in a separate dispenser, using vials for dispensing acetic acid, vials for NBS, and septa for pear ester, as described above. Delta traps were used for all treatments. Ten replicates of the three treatments were placed in a commercial apple orchard near Moxee, Yakima Co., WA and were maintained from 20 August to 4 September 2012.
Test 8. Interaction of Acetic Acid, NBS, and Pear Ester in New Zealand. This experiment was similar to experiment 7, but was conducted in an apple orchard in HawkeÕs Bay on the North Island of New Zealand. Treatments were: 1) a blank trap with no lure, 2) acetic acid and NBS, 3) acetic acid and pear ester, and 4) acetic acid, NBS, and pear ester. Chemical dispensers were as described above. The delta traps were placed 3Ð3.5 m high in apple trees in a mixed variety commercial apple orchard. Ten replicates of the four treatments were maintained from 1 to 19 February 2013. Traps within a replicate block were 25 m apart and replicate blocks were 60 m (12 rows) apart. Traps were checked and rotated one position each week.
Reproductive State of Female Codling Moths Trapped. Thirty-eight females from acetic acid traps and 187 females captured in traps baited with acetic acid plus NBS were dissected to determine their reproductive state. All females dissected were from trap catches of test 2. The presence and relative abundance of mature eggs and numbers of spermatophores were determined and recorded. This data were then used to categorize females as 1) unmated, 2) mated with no or Ͻ10) eggs, or 3) mated with Ն10 eggs.
A StudentÕs t-test was used to analyze data from two-treatment comparisons. For data from multitreatment comparisons, statistical analyses were performed using SAS version 9.1 for Windows (SAS Institute 2002) . Treatment means were subjected to an analysis of variance (ANOVA) using PROC MIXED. After a signiÞcant ANOVA, signiÞcant differences between treatment means were determined using TukeyÕs test.
Results

Test 1. Interaction of Acetic Acid and NBS.
Numbers of male and female codling moth adults captured in traps baited with the combination of acetic acid and NBS were signiÞcantly greater than numbers of male and female codling moth trapped with acetic acid alone (t ϭ 2.28, df ϭ 9, P ϭ 0.05 for females; t ϭ 3.29, df ϭ 9, P ϭ 0.01 for males; Table 1 ).
Test 2. Interaction of Acetic Acid With NBS, Acetaldehyde, and Dibenzyl Ether. Treatment affected capture of females (F ϭ 14.0; df ϭ 7,56; P Յ 0.0001) and males (F ϭ 18.8; df ϭ 7,56; P Յ 0.0001) in test 2. Numbers of male and female codling moth captured in traps baited with NBS were signiÞcantly greater than in unbaited traps, indicating attraction of both genders of the moth to that chemical (Table 1) . Numbers of codling moth trapped with acetic acid were not statistically greater (P ϭ 0.06) than numbers of moths in unbaited traps. More male and more female codling moths were trapped with the combination of acetic acid and NBS compared with either chemical alone. Dibenzyl ether was inactive, and acetaldehyde did not signiÞcantly increase trap catch.
Test 3. Interaction of Acetic Acid With NBS, Acetaldehyde, and Dibenzyl Ether. Treatment affected capture of females (F ϭ 7.64; df ϭ 7,28; P Յ 0.0001) and males (F ϭ 3.94; df ϭ 7, 28; P ϭ 0.004) in test 3. Numbers of male and female codling moths captured in traps baited with acetic acid were signiÞcantly greater than in unbaited traps, and numbers of both genders of moths in traps baited with the combination of acetic acid and NBS were greater than the numbers of moths trapped with acetic acid, or with NBS (Table  1) . Codling moths did not respond to NBS alone in this test.
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LANDOLT ET AL.: N-BUTYL SULFIDE ATTRACTANT FOR CODLING MOTHAcetaldehyde was attractive to male and female codling moth, but the combination of acetic acid and acetaldehyde was not more attractive than either chemical alone (Table 1) . Dibenzyl ether was not attractive by itself and did not increase moth response when added to acetic acid (Table 1) .
Test 4. Comparison of Acetic Acid Plus NBS to Other Codling Moth Lures. Treatment affected capture of females (F ϭ 7.5; df ϭ 2,18; P Յ 0.004) and males (F ϭ 27.7; df ϭ 2,08; P Յ 0.0001) in test 4. Numbers of female codling moths in traps baited with acetic acid plus NBS versus acetic acid plus pear ester were not different. No female codling moth were captured in traps baited with codlemone (Table 2) . There was no difference in numbers of male codling moth trapped with acetic acid plus NBS and with acetic acid plus pear ester. However, fewer males were trapped with these lures than were trapped with the sex pheromone (Table 2) .
Test 5. Comparison of Bucket Traps and Delta Traps Baited With Acetic Acid and NBS. Numbers of male and female codling moth captured did not differ signiÞcantly between the two trap designs. There were 0.8 Ϯ 0.2 females captured per bucket trap compared with 1.7 Ϯ 0.6 females per delta trap (t ϭ 1.37; df ϭ 9; P ϭ 0.20), and 0.4 Ϯ 0.2 males per bucket trap compared with 0.9 Ϯ 0.5 males per delta trap (t ϭ 1.05; df ϭ 9; P ϭ 0.32). There were 1.1 Ϯ 0.4 total codling moth per bucket trap compared with 2.6 Ϯ 0.9 total codling moth per delta trap (t ϭ 1.34; df ϭ 9; P ϭ 0.21).
Test 6. Comparison of Bucket Trap and Delta Trap Baited With Acetic Acid Plus NBS.
Numbers of male and female codling moth captured did not differ signiÞcantly between the two trap designs. There were 1.9 Ϯ 0.5 females captured per bucket trap compared with 1.4 Ϯ 0.3 females per delta trap (t ϭ 0.96; df ϭ 9; P ϭ 0.36), and 2.3 Ϯ 0.5 males per bucket trap compared with 2.9 Ϯ 0.5 males per delta trap (t ϭ 1.00; df ϭ 9; P ϭ 0.34). There were 4.2 Ϯ 0.9 total codling moth per bucket trap compared with 4.3 Ϯ 0.7 total codling moth per delta trap (t ϭ 1.34; df ϭ 9; P ϭ 0.21).
Test 7. Interaction of Acetic Acid, NBS and Pear Ester. Treatment affected capture of females (F ϭ 28.3; df ϭ 2,18; P Յ 0.0001) and males (F ϭ 32.8; df ϭ 2,18; P Յ 0.0001). Relatively few moths were captured in traps baited with the combination of acetic acid and NBS (Table 3) . SigniÞcantly greater numbers of male and of female codling moth were captured in traps baited with the combination of acetic acid and pear ester, compared with acetic acid plus NBS (Table 3) . SigniÞcantly greater numbers of male codling moth were attracted to the combination of acetic acid, pear ester, and NBS compared with acetic acid plus pear ester (Table 3 ). The number of moths was about doubled in traps baited with the three-component treatment compared with acetic acid plus pear ester.
Test 8. Interaction of Acetic Acid, NBS and Pear Ester in New Zealand. Treatment affected capture of females (F ϭ 11.4; df ϭ 3,27; P Յ 0.0001) and males (F ϭ 14.5; df ϭ 3,27; P Յ 0.0001). Relatively few codling moths were captured in traps baited with the combination of acetic acid and NBS and these were not statistically higher than the catch in blank traps (Table 3) . SigniÞcantly greater numbers of male and of female codling moth were captured in traps baited with the combination of acetic acid and pear ester compared with blank traps or traps baited with acetic acid plus NBS (Table 3) . SigniÞcantly greater numbers of both male and female codling moth were attracted to the combination of acetic acid, pear ester, and NBS compared with acetic acid plus pear ester (Table 3) . The numbers of moths were more than doubled in traps baited with the three-component treatment compared with acetic acid plus pear ester, and were about eight-fold higher with the three-component treatment compared with acetic acid plus NBS.
Reproductive State of Female Codling Moths Trapped. Relatively few of the females captured in traps baited with acetic acid or acetic acid plus NBS were unmated or were mated with few eggs. A high percentage of female codling moths trapped with both types of lure were mated and were carrying numerous eggs (Ͼ10; Fig. 1 ). Numbers of spermatophores per female, indicating frequency of mating, were 0.95 Ϯ 0.05 for acetic acid traps and 0.87 Ϯ 0.03 for acetic acid plus NBS traps.
Discussion
Van Leeuwen (1943) trapped 355 codling moth with a bait of NBS, 10% molasses in water, and yeast compared with only 68 in traps baited with the molasses solution plus yeast. He reported this as a 422% increase in numbers of moths trapped, and along with safrole and pine tar oil, considered NBS to be among the most effective materials to increase the attractiveness of the molasses bait to codling moth. The results of Van Leeuwen (1943) for NBS might have been the result of codling moth attraction to the combination of NBS and volatiles from the molasses bait, attraction of codling moth to NBS, or trap catch variance due to nontreatment parameter given the absence of a rigorous experimental design and no statistical analysis.
We Þrst tested the possibility that NBS may enhance codling moth attraction to acetic acid because acetic acid is a principal volatile of fermented molasses solutions (Utrio and Eriksson 1977) , and is by itself an attractant for the codling moth (Yothers 1927 , Dethier 1947 . Our results conÞrmed that NBS can indeed increase numbers of codling moth trapped when presented with acetic acid, consistent with that hypothesis. However, that Þrst experiment was not designed to indicate whether or not codling moth are attracted to NBS, and leaves open the possibility that chemicals from molasses bait in addition to acetic acid are attractive or coattractive to codling moth.
The second and third experiments examined the additional possibility that codling moth may be attracted to NBS by itself, and provided a further assessment of interaction between acetic acid and NBS as attractants for codling moth. Attraction of codling moth to NBS was conÞrmed in the Þrst test, but not in the second test. We do not know why this response to NBS was inconsistent, but note that the second test was done in an unmanaged orchard with an abundance of damaged and rotting fruit on the ground and infested fruit on the trees. We speculate that this situation could confound the response because of an abundance of rotten fruit volatiles throughout the orchard. This possibility needs to be investigated further to determine if codling moth response to such lures is diminished in the presence of such background material. In both of these experiments, codling moth attraction to acetic acid (Yothers 1927 , Dethier 1947 was conÞrmed, and the interaction between NBS and acetic acid appears to be positive. Most importantly, the results of these Þrst three sets of Þeld tests (1Ð3) experimentally conÞrm the observation of Van Leeuwen (1943) of a role of NBS in attracting male and female codling moth.
We do not know why codling moth is attracted to NBS. Van Leeuwen (1943) did not provide a rationale for the testing of NBS as an attractant for codling moth and did not identify an origin or natural source of the chemical. NBS is not reported as an attractant for insects and is not reported as a volatile of fermented insect baits (e.g., El-Sayed et al. 2005, Utrio and Erikson 1977) . One possibility or hypothesis is that NBS may be an analog for a different compound that is an appropriate food odor cue for codling moth. For example, a number of other sulfur-containing volatile compounds are produced as the result of catabolism of L-methionine (ArÞ et al. 2002) . Perhaps there are fermented materials in nature that are used as food by codling moths and yield microbially generated sulfur containing organic volatiles. This unanswered question calls for additional study, including studies to determine any moth responses to other sulfur-containing organic volatiles produced by fermentative microbes. Such work has the potential to reveal additional coattractants for the codling moth.
We tested two other chemicals from the studies of Van Leeuwen (1943); acetaldehyde and dibenzyl ether. Van Leeuwen (1943) captured 191 codling moth in traps baited with acetaldehyde plus molasses bait compared with 120 with molasses bait alone. In our Þeld testing, acetaldehyde-baited traps did catch more codling moth that unbaited traps, but acetaldehyde was inconsistent as a coattractant with acetic acid. It is intriguing that we saw no codling moth response to dibenzyl ether, despite the capture of 1,122 codling moth in traps baited with this compound (together with molasses bait) by Van Leeuwen (1943) . It may be worthwhile to further pursue codling moth responses to dibenzyl ether in subsequent study and to investigate possible interactions between it and a broader set of molasses bait volatiles, and over a range of chemical release rates.
Codling moths were attracted to acetic acid in this study, indicated by trap catch signiÞcantly greater than unbaited traps in three experiments. In three Þeld tests that examined interaction between acetic acid and pear ester (Landolt et al. 2007 ), catches of codling moth in traps baited with acetic acid were not significantly greater than unbaited traps. Knight et al. (2011) reported similar results using traps in the Þeld; codling moth in traps baited with acetic acid were not statistically greater than in traps that were unbaited. However, Yothers (1927) , Eyer (1931) , and Dethier (1947) found acetic acid to be attractive to codling moth. As with NBS in this study, the attractiveness of acetic acid to codling moth seems to be inconsistent, and we do not know why acetic acid appears to be attractive under some circumstances and not others. However, similar explanations might be considered. For example, competing or masking odor sources may interfere with responses to test chemicals, and abundant food sources may reduce moth appetitive behavior and attraction to feeding attractants. Certainly, low codling moth population densities and moth response rates will result in too few moths captured for a statistical comparison of treatments.
Combining acetic acid and NBS in a trap consistently improved the catch of male and female codling moth; numbers of moths captured were always greater than the numbers trapped with either chemical alone. This increase in trap catch with the combination of acetic acid and NBS varied considerably, ranging from 2.1 to 6.7 times higher for the combination of chemicals over acetic acid alone, and from 3.4 to 30 times higher for the combination of chemicals over NBS alone.
A Þrst comparison of traps baited with acetic acid plus NBS versus traps baited with acetic acid plus pear ester indicated a similar level of attractiveness of the two lures to codling moth. However, two subsequent experiments showed acetic acid plus pear ester to be signiÞcantly more attractive than acetic acid plus NBS to both genders of the codling moth. Acetic acid plus pear ester has been pursued as an attractant for the monitoring of codling moth populations in commercial apple orchards that are treated with pheromone for mating disruption (Knight 2010) , and is more attractive than either acetic acid or pear ester alone (Landolt et al. 2007 ). Just as the use of codlemone for monitoring of codling moth is less effective in orchards treated with codlemone for mating disruption, the use of pear ester or acetic acid plus pear ester for monitoring of codling moth may be less effective in orchards treated with pear ester as a component of pest management (e.g., Arthurs et al. 2007 ). Perhaps acetic acid plus NBS might be a suitable alternative as a codling moth monitoring lure under such circumstances.
Of considerable interest is the level of response of male and female codling moths to the three-component lure comprised of acetic acid, pear ester, and NBS. In a direct comparison, this combination of chemicals attracted twice as many codling moths into traps as acetic acid plus pear ester. Similar positive results were obtained in the state of Washington and in New Zealand. We can only speculate on the signiÞcance of these responses to the behavioral ecology of the codling moth. Regardless, such a strong lure for female codling moths should have practical signiÞ-cance for use both in monitoring codling moth and potentially for attract-and-kill approaches to codling moth management.
Our assessment of the reproductive state of female moths captured in traps baited with acetic acid or acetic acid plus NBS indicated an abundance of females captured that were mated and possessed mature eggs, with lesser numbers that were not yet mated, or mated females with no or few eggs. This Þnding is similar to the results for codling moth females captured in traps baited with apples and pears (Landolt and Guedot 2008) . This Þnding is encouraging to efforts to use such lures for attract-and-kill because it is important with such a strategy to reduce oviposition potential.
Although we do not know why NBS is attractive and why it increases numbers of codling moth trapped when added to acetic acid and pear ester, we can speculate that this chemical may have a similar effect on codling moth behavior when presented in traps baited with other host plant kairomones such as the apple fruit volatile (3E)-4,8,dimethyl-1,3,7-nonatriene. (3E)-4,8,dimethyl-1,3,7-nonatriene, like pear ester, is positively interactive with acetic acid as an attractant for codling moth (Knight et al. 2011) . Additional studies should be conducted to determine if there are positive interactions among acetic acid, NBS, and volatile apple chemicals.
The development of this chemical attractant as an optimized and effective lure for monitoring codling moth in orchards will require further study to evaluate the effects of release rates and ratios, controlled release dispenser technologies, and lure performance in a range of types of traps. For our purposes here, we restricted our testing to single chemical release rates, and used noncommercial release dispensers. Therefore, it is possible that changes to the loads and release systems may provide further improvements.
In summary, we conÞrmed the attractiveness of NBS to codling moth, as was indicated by Van Leeuwen (1943) . We also showed that this chemical has the potential to possibly double the catch of both male and female codling moths in traps when presented along with acetic acid and pear ester. This result is a significant advance for management of codling moth in orchards where it is critical to detect and measure numbers of females moths, or in orchards under pheromonal mating disruption and where the sex pheromone lure is ineffective for monitoring.
